It is shown that the nuclear reaction of fusion in cold hydrogen is possible due to formation of metastable atoms of dineutroneum existing as a bound state of two neutrons and one neutrino. Such atoms can appear in a reaction of deuterons with free or quasi-free electrons. The estimation of mass, size and lifetime of dineutroneum atom is fulfilled.
Introduction
There are considered here low energy nuclear reactions (LENR) which lead to transmutations of elements. These reactions result at super-low energies of particles without accompanying intensive ionizing radiation [1] . The cold fusion (CF) is the nuclear synthesis reaction in gaseous, or absorbed by condensed matter hydrogen at the temperature T cf ≤ 10 3 K that is essentially lower, than for thermonuclear reactions [2] . There is an opinion that physical lows forbid such processes. However, this opinion is wrong. In 1937 L.W. Alvarez discovered the electron capture, what is the simplest example of LENR. In 1957 in the Berkley Nuclear Centre (USA), the research team headed by L.W. Alvarez [3] discovered the µ -catalysis. So, both LENR and the cold fusion were discovered by the same person, and he is the Nobel prize-winner (1968) L.W. Alvarez. Unfortunately, majority of scientific community ignores the experimentally observable existence of LENR. This happens, to my mind, in consequence of:
• the absence of the conventional mechanism of the deuterons electrical charge screening;
• the fact, that the probability for thermal deuterons to overcome the Coulomb barrier is unimaginably small (P ∼ 10 −2730 ).
A new mechanism of CF reactions were suggested in [1] . This mechanism does not contradict the known laws of physics and is based on the phenomenon of generating neutron-like particles with large internal energy. These particles were revealed in experiments with an electron accelerator [4] . Later on, these particles were interpreted as the bound state of the two neutrons and one neutrino [1] .
Laws of physics do not impose basic theoretical bans on the existence of the metastable bound state of the two neutrons and neutrino, because a neutrino is a massive particle [5] .
Due to interaction with quarks in a nucleon, a neutrino can "linger" inside it. This delay is caused, because the effective N ν -potential Figure 1 : The typical diagram of the electroweak process [6, 7] .
corresponding to W -boson exchange (Fig. 1) , is a short-range and very deep one. Its depth is still rather small to keep antineutrino, proton and electron in the bound state (i.e. like a neutron) for a long time, but just enough to consider a proton like the stable bound state of three particles, positron, neutron and neutrino. It is well known, that three-body effects allow an existence of 3 particles' bound states, which pair potentials are insufficiently deep to form 2 particles' bound states.
A long lifetime of the neutrino inside a nucleus can be treated on the basis of exotic Miheev -Smirnov -Volfenstein effect at low energies [8] . Let us explain this in more detail. If the energy of incoming electron is resonant (i.e. renormalized masses of all three types of neutrinos (ν e , ν µ , ν τ ) inside a nucleon are approximately equal after the electron capture), the exotic nucleus is generated at the first stage of electroweak process (two left vertexes in the diagram 1), which cannot decay until an oscillation have been finished. The exotic nucleus D ν is metastable, because the energy conservation law forbids its decay with µ -or τ -lepton emission. The channel D ν → 2n + ν e is also closed. Thus, theoretical consideration of the bound state of the neutrino inside a nucleus in the framework of any potential model gives us only phenomenological description of the observable effect.
From this standpoint, we shall consider hypothetical metastable exotic atom (exotic nucleus) dineutroneum, which is the bound state of two neutrons and one neutrino, as was mentioned above. The aim of this work is to estimate the mass, size and lifetime of the dineutroneum atom which is formed due to the interaction of deuterons with electrons.
Main formalism
The known Hamiltonian of weak interaction is
with G the Fermi constant of universal weak interaction, J λ ( r the weak current, andĜ( r, r ) the propagator. Let us introduce definition in accord to [9] J λ+ = (J λ ) + , λ = 1, 2, 3,
and similarly for others 4-vector operators. In the standard model, the weak interaction is caused by exchange of the W -boson with mass ≈ 90GeV. Therefore, if we consider the low energy weak processes, an approximation m W → ∞ can be used. Accordingly, the interaction is quite local, and components of the weak current in Hamiltonian (1) should be taken at the same point of spaceĜ( r, r ) = δ( r − r ).
The Lorenz invariant weak current is well known. For example, β -decay of a neutron is described by the Hamiltonian [9]
(4) To describe the weak processes in nuclear physics, one needs a non-relativistic Hamiltonian h ( r)). The model of the Hamiltonian was derived in the early papers by Fermi, Gamov and Teller, and looks like [9] 
is the lepton current, E -the energy positive for particles and negative for antiparticles, f 1 , f 2 , g 1 , g 2 the formfactors, ψ( r) -lepton wave function (WF).
In the works devoted to the nuclear β -processes, the WFs of free leptons in (6) are usually chosen as plane waves with the momentum p 1 . Thus, the lepton's current (6) looks like:
where k = ν − e is the lepton transferred momentum, v the wave vector of the neutrino, e the wave vector of the electron, L 3 is the normalization volume,
and
The spinor
m ν = ±1/2 the spin projection of neutrino ( corresponds to spin "up" and spin "down"). The lifetime of dineutroneum can be estimated within the approximation of allowed transitions. Therefore, we shall neglect the small contribution of the termshk/(M c), p/M c, kR due to the forbidden transitions, and obtain the non-relativistic limit of the Hamiltonian (5) in the plane wave approximation [9] :
The Pauli matrixes τ 1 and τ 2 (τ +1 , τ −1 ) are well known:
The approximated Hamiltonian (11) is used to describe the nuclear processes with the dineutroneum.
First, we take into account, that the mass of dineutroneum is less than the double mass of the neutron. Therefore, neutrino in the atom of dineutroneum is in the bound state, and the Hamiltonian looks like
where ψ ν ( r c ) is the spatial part of the neutrino's WF, G β = f 1 G, index c indicates the radius-vector of the neutrino which origin is in the centre-mass of the dineutroneum because of translation-invariance of the Hamiltonian h ( r).
According to a "golden Fermi's rule", the probability of the transition to the continuum states per unit of time is equal:
Hence, the decay probability of the bound state of two neutrons and one neutrino within the channel D ν → d + e − per the time unit is equal to:
The WFs |D Let us now consider the β -decay of the dineutroneum. The initial and final states in this case are 2 :
Consequently, the matrix element in (15) looks like
where r = r 2 − r 1 . The "nuclear" spin of the dineutroneum J i = 0 and the deuteron's spin J f = 1. Thus, we deal with the Gamov -Teller transition. According to it
We consider the dineutroneum β -decay in its rest system. In this case k Dν = 0, and (18) is simplified (details see in the Appendix):
We determine the formfactor 
and evaluate the integral
(23) All the particles in our case are non-relativistic. Consequently,
As a result, I
where the momentum
corresponds to p Dν = 0 in the rest system of dineutroneum. The internal energy of the dineutroneum U Dν is equal to
Thus, eq. (26) can be presented in a rather compact form
and we get the following expression:
The momentum dependence of the formfactor (20) at the low energies can be neglected
Formula (30) determines the overlap integral f d⇔Dν overlap . For estimations, we accept that the bound particles participating in the reaction
− have the orbital momentum equal to zero, and their wave functions look like
with the normalization constant
Here [10] . We assume that
with
and equal parameters µ for deuteron and dineutroneum. For the sake of simplicity we suppose
where
According to (30)
This integral in a view of (33), (35) and (37) can be calculated analytically
where α
Let us estimate V Dν ef f in the rough approximation α 2n = α d . The decaying dineutroneum is created in the reaction of electron capture by deuteron. Thus, we suppose neutrino to be "smeared" in a deuteron. This assumption implies an estimation κ = α 2n = 0.232 fm −1 . Consequently, we estimate V Dν ef f ≈ 20 fm 3 . The standard Coulomb corrections also can be considered
The Fermi function F (η) in the "point-like deuteron" approximation is equal to [11] 
All previous calculations were carried out under the assumption, that neutrino inside the dineutroneum is the electron's neutrino |ν e >. Taking account the MSV-effect, we insert the electron's neutrino weight
into (40) [8] :
where | < ν|ν e > | 2 is the probability for the neutrino to be in the state |ν e > in the dineutroneum. In the table 1 We can see from the table 1, that at the low energies, the probability of the β -decay of the dineutroneum can increase almost by two orders of magnitude owing to the Coulomb interaction. At T e > 1KeV this effect becomes insignificant. Therefore, if the dineutroneum atom is created, it lives long enough. The threshold of its creation is estimated at the level 10 − 15eV , what is much lower than that for thermonuclear reactions T tresh << T tn ∼ 10KeV .
Let us consider the dependence of the dineutroneum lifetime on its size. This dependence should be taking account, since the triplet length of the neutron-neutron scattering much exceeds the deuteron's effective radius r d . Table 2 demonstrates the results of theoretical calculations of the β -decay rate w c Dν →d+e − and lifetime τ c Dν as a function of the parameter α d /α 2n at T e = 10T ev (we suppose that κ = α 2n ).
It follows from Table 2 , that if the size of dineutroneum alike the size of deuterium mesoatom, its lifetime would be almost 3 seconds. Consequently, one can conclude that the exotic dineutroneum atom is metastable and its lifetime τ Dν ∼ 10 −3 sec, i.e. three orders more than lifetime of the muon [5] τ µ = (2.197019 ± 0.000021) × 10 −6 s. Our preliminary analysis shows, that such properties of dineutroneum as: metastability, electrical neutrality and small sizes, allow nuclear reactions of dineutroneum with nuclei in condensed matter.
If we take into account large cross section of the e -capture (σ ∼ 10 mbarn for the e − + D → D ν + X reaction [4] , it is possible easily explain a numerous experimental data on cold fusion in the condensed Table 2 : The dependence of rate of the β -decay of the dineutroneum on the ratio α d /α 2n .
matter (see [1, 12, 13, 19, 20] ). For example, there are observed [19, 20] such reactions as
Appendix. Spin and isospins matrix elements
The isospins matrix element is equal χ 00 ( T )|τ 
